Background: Articular cartilage injuries are a common injury among young, active patients, and the most appropriate treatment for these injuries remains controversial. A promising new technology in the treatment of high-grade cartilage injuries is particulated juvenile articular cartilage (PJAC) allograft (DeNovo NT, Zimmer, Warsaw, Indiana). This has been shown to be successful in multiple joints including the knee, talus, and elbow. No studies or case reports exist in supporting or discouraging its use in injuries of the wrist, in specific, the scaphoid. Methods: The use of PJAC allograft is described for the treatment of an active 21-year-old male with an Outerbridge Grade IV chondral lesion on the proximal pole of his right scaphoid and right distal radius scaphoid facet who had failed conservative management. The patient was followed clinically and radiographically for 21 months. Results: The patient had return to full sport (jujutsu) and full range-of-motion, both of which represented an improvement from his preoperative exam. Radiographically, the chondral lucency seen had decreased in size and was almost completely absent on radiographs after 21 months. Conclusions: The results of this case suggest that PJAC can be used safely and effectively in the wrist thereby potentially broadening the indications for its use.
Introduction
There are a multitude of surgical treatment options for cartilage restoration after a chondral injury. The choice of technique depends on numerous factors, including the type of lesion, the chronicity, the location of the lesion, its accessibility by arthroscopic or open approaches, concomitant injury, and previous procedures performed. 2, 7 Among the most studied and utilized are microfracture, osteochondral fragment repair, osteochondral autograft and allograft and autologous chondrocyte implantation (ACI). 2, 7, 11, 12, 17 There is no consensus as to the most effective form of treatment. Particulated juvenile articular cartilage (PJAC) allograft (DeNovo NT, Zimmer, Warsaw, Indiana) is a promising new option in the surgical treatment of high-grade chondral lesions. The vast majority of the early research into this treatment option has focused on its use around the knee, in patellar chondral lesions and distal femoral chondral lesions, with encouraging results in regard to function and satisfaction scores, as well as radiographic and histological outcomes. 3, 6, 9, 19 Successful PJAC allograft use has also been reported in lesions in the talus. 1 This technique has been shown, at least in the short-term, to form grossly normal cartilage tissue on subsequent arthroscopic exams, while other studies have shown the formation of hyalinelike repair tissue at the site of the graft as opposed to the less structurally sound fibrocartilage that forms from microfracture procedures. 5, 8, 10, 15 Specifically for high-grade cartilage defects of the wrist, osteochondral autograft has been used more frequently than allograft, typically with a costochondral donor site, and long-term data demonstrate it to be a viable option. 18 Donor site pain continues to be a common complication after this procedure. 13 To our knowledge, there are no publications describing the use of PJAC for high-grade chondral lesions in the scaphoid.
Scaphoid impaction injuries classically occur in athletes who participate in sports necessitating forced and repetitive hyperextension of the wrist. This causes impaction of the dorsal lip of the radius to come into contact with the 673047H ANXXX10.1177/1558944716673047HandHess et al proximal/dorsal articular surfaces of the scaphoid. This injury is commonly seen in weight lifters, gymnasts, and push-up enthusiasts. 14 Treatment generally consists of rest, bracing, and activity modification. If conservative treatment fails, a dorsal scaphoid ridge or dorsal radial lip cheilectomy has traditionally been offered. 16 These treatment approaches, however, do not address any existing cartilage defect, which can be a source of great pain and functionally limiting, especially in a high-level athlete.
This case report describes a novel approach to high-grade cartilage defects in the wrist. We describe the use of PJAC allograft in an active 21-year-old male with an Outerbridge Grade IV chondral lesion in the proximal pole of his scaphoid and distal radius scaphoid facet with encouraging clinical and radiographic results 21 months postoperatively. 4
Case Report

Patient Description
The patient is a left-hand-dominant 21-year-old male who presented with right wrist pain sustained while practicing jujutsu. Four months prior to presentation in our Hand Center, he noticed pain while attempting to push himself up from a seated position on the ground with his right hand while at jujutsu class. On presentation, the majority of his pain was felt during flexion and extension of the wrist. He was tender over the scapholunate interval and at the proximal pole of the scaphoid, and Watson's test elicited pain but no "clunk." He failed a trial of 6 weeks of immobilization in a short arm cast prior to presentation but still remained painful. He was referred to occupational therapy for range of motion exercises but was unable to achieve his desired motion. His range of motion in clinic was 30° of flexion, 90° of extension, and full pronation and supination. Functionally, he was unable to return to compete in jujutsu or carry trays at his work as a waiter because of pain and restricted motion in his wrist. Plain films of the hand ( Figure  1 ) demonstrated a cystic lucency in the proximal pole. A magnetic resonance imaging of the wrist ( Figure 2 ) was obtained, which revealed a focal 4 × 5-mm cartilage defect along the proximal pole of the scaphoid and corresponding articular surface of the radial scaphoid facet, consistent with Outerbridge grade IV chondromalacia. Extensive edema and a cystic lucency were also noted within the proximal pole of the scaphoid.
Intervention
Once the patient had failed nonoperative treatment including a period of extended immobilization, and because of his 
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HAND 12 (5) high-functioning preinjury status, surgical intervention was recommended. An initial diagnostic wrist arthroscopy was performed to evaluate the articular cartilage, the volar radiocarpal ligaments, triangular fibrocartilage complex (TFCC), and proximal intrinsic ligaments. All extrinsic and intrinsic ligaments that were visualized were intact. The radiocarpal joint was then exposed using a dorsal approach, and osteochondral defects were immediately identifiable on the proximal pole of the scaphoid and the corresponding radial scaphoid facet (Figure 3) . A burr was used to debride the defects leaving a stable cartilage rim on all sides. The PJAC allograft was then placed with fibrin glue to hold the grafts in place at both defects (Figure 4 ). After the fibrin glue was dry, the incisions were closed and the patient was placed in a volar splint. His wrist was immobilized in a short arm cast for 6 weeks postoperatively. He was seen postoperatively at 2 weeks, 6 weeks, and 12 weeks. Interval healing of the scaphoid and radial lesions were seen by 6 weeks and increased ossification of the osteochondral defects were seen at 12 weeks postoperatively ( Figure 5 ).
Occupational therapy was utilized for finger and wrist range-of-motion exercises.
Follow-up was arranged for this patient 21 months postoperatively. Functionally, he had returned to work as a waiter and to his previous level of jujutsu training without any pain. Postoperatively, his range of motion was 90° of flexion and extension and full pronation and supination. The patient was able to bear weight and perform push-ups on his right wrist without any hindrance in strength or function ( Figures 6-8 ). Radiographs demonstrated almost complete resolution of the osteochondral lesion ( Figure 5 ).
Discussion
Repair of full-thickness articular cartilage defects presents a challenging clinical scenario due to the lack of biologic regenerative capacity of hyaline cartilage. Current treatment modalities for high-grade chondral lesions of the wrist vary and include microfracture, primary osteochondral fragment repair, osteochondral auto and allograft and ACI. While the Note. The previously seen lucency in the proximal pole of the scaphoid has decreased in size and is almost completely gone by 21 months. These radiographic findings correlated with a complete resolution of symptoms and return to activity. durability of hyaline cartilage is a disadvantage of microfracture, detractors also emphasize the frequency of donor site morbidity with autograft procedures, and 2-stage procedures, like ACI, also have inherent drawbacks, costs, and risks. Particulated juvenile articular cartilage has been used with success around the knee and in the hindfoot and theoretically offers an attractive 1-stage alternative to the donor site morbidity associated with autograft in scaphoid proximal pole osteochondral defects, though, to our knowledge, no literature describes its use in the scaphoid. We have described the use of PJAC in an Outerbridge grade IV lesion of the scaphoid in a high-functioning individual with evidence of painfree return to preinjury levels of activity. The results of this case suggest that there is great potential for the use of PJAC for focal full-thickness chondral lesions of the scaphoid.
While the biologic and structural advantages of using young, healthy cartilage are clear, there are important disadvantages with use of PJAC as well. These include risk of disease transmission and cost. While disease transmission with the use PJAC is theoretically possible, like any allogenic transplantation, the risk is certainly low. Cost, however, remains high. Currently, 1 unit of DeNovo NT graft is approximately $4500. This underscores the need for appropriate patient selection, adequate preoperative work-up, and discussions with the patient about alternative options. Young patients, without history of preexisting carpal arthritis, are the best candidates for this procedure. Patient compliance is a must, given the strict postoperative restrictions and rehabilitation instructions. Given the success highlighted in this case report in a high-functioning young individual, there is potentially a role for PJAC use in the wrist, although future larger-scale studies are necessary.
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